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PICO LITER WELL HOLDING DEVICE AND METHOD OF MAKING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of U.S. Patent Application No. 10/561,839, filed

5 June 27, 2004, which claims the benefit of International Application No.

PCT/IL2004/000571, filed June 27, 2004, provisional Application No. 60/544,357, filed

February 17, 2004, provisional Application No. 60/544,356, filed February 17, 2004,

provisional Application No. 60/517,073, filed November 5, 2003, provisional Application

No. 60/517,084, filed November 5, 2003, provisional Application No. 60/488,408, filed

1 0 July 21, 2003, and provisional Application No. 60/482,437, filed June 26, 2003. This

application is also a continuation-in-part of International Application No.

PCT/IL06/001487, filed December 26, 2006, which claims the benefit of provisional

Application No. 60/754,216, filed December 28, 2005.

This application also claims the benefit under 35 USC 119(e) of a provisional application

1 5 filed on December 26, 2007 and titled Device for the Study of Living Cells.

This application is also a continuation-in-part of a US application with same title and same

inventors and filed on November 15, 2007.

This application is also a continuation-in-part of a US application serial number

1 1/660,783, based on PCT application serial number PCT/IL2005/000914, published as US

2 0 publication number 2008/000905 1 on January 1 0, 2008.

The present invention, in some embodiments thereof, relates to devices that include pico

liter wells used in the study of cellular biology. More specifically, in some embodiments,

there are provided holding devices having a multiplicity of pico liter wells formed in a

substrate having a refiractive index similar to that of water, and methods of making the

2 5 same. In some embodiments, there are provided embossing or embossing-like methods.

BACKGROUND OF THE IlNfVENTION

In the study of cellular biology, biochemistry, pharmacology, immunology, and other

biological science related fields, whole, living, individual and small groups of cells are

30 studied by manipulating and isolating the cells.
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In holding devices which have substrates with pico liter wells formed in the substrate

surface to trap individual cells have been available, optical artifacts may be caused by the

differences between the refractive indices of the medium (typically an aqueous buffer

composed largely of water) carrying the cells and the material forming the pico liter wells.

Such artifacts may be caused by the refiraction of light passing from the substrate to the cell

carrying medium.

SUMMARY OF THE INVENTION

An aspect of some embodiments of the invention relates to a method of forming a cell

holder by embossing. In an exemplary embodiment of the invention, a base is covered with

an optionally liquid substrate, contacted with a die and the substrate is at least partially

hardened. Optionally, the die defines a plurality of pico liter wells in the substrate.

Optionally, the substrate is adhesive to the base, but not to the die, optionally in spite ofthe

substrate being smooth and the die having small features. Optionally, the die and adhesive

and base materials are selected to afford such differential adhesion. Optionally, the die is

removed before the substrate hardens. In an exemplary embodiment of the invention, at

least two areas on the substrate are patterned, each with a different final pattern.

In an exemplary embodiment of the invention, one or more walls or barriers are added to

the cell holder before, during or after embossing.

In an exemplary embodiment of the invention, the base is not mechanically prepared for the

substrate.

It is an object of some embodiments of the invention to provide a holder device having at

least one cavity for receiving a sample of cells in a medium, wherein the at least one cavity

includes a substrate having refractive index substantially equal to that of water, includes a

multiplicity of pico liter wells (also called "picowells", herein) formed therein and has a

generally inert wall.

It is an object of some embodiments of the invention to provide a method of making a

holding device having a substrate characterized by an index of refraction essentially equal

to that of water, which is adhered to a carrier plate, wherein the substrate is formed into a

multiplicity of pico liter wells.
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It is an object of some embodiments of the invention to provide a method of making a

holding device having at least one cavity for receiving a medium, wherein the at least one

cavity has a multiplicity of pico liter wells formed in a substrate having a refractive index

substantially equal to the medium in which the cells are carried.

It is an object of some embodiments of the invention to provide a method of making a die

for forming an array of picowell arrays. Optionally, the die is assembled from individual

well forming die elements. Optionally, a handle with a plurality of clamps to hold the die

elements is used. In other embodiments, other means to hold die elements together into a

template are used. Optionally, the die also serves as a template for non-well embossed

elements.

It is an object of some embodiments of the invention to provide cell holding devices

including a plurality of picowell arrays, on each one, optionally in the form of a

macroscopic array of picowell arrays. Optionally, the picowell arrays are separated by

barriers which may have selected blocking ability, for example, being fluid blocking or cell

blocking or fluid passing.

A holding device for studying cells in a medium in accordance with an exemplary

embodiment of this invention comprises at least one cavity defined by generally inert wall

surrounding a substrate. The substrate has a surface in which a plurality of pico liter wells

is formed. The substrate is translucent and has a refractive index substantially equal to the

refractive index of the medium.

An exemplary holding device for studying cells in accordance with an exemplary

embodiment of this invention comprises a substantially transparent substrate having a

refractive index of 1.33. The substrate has a multiplicity of pico liter wells formed in an

upper surface and a wall structure attached thereto.

In another embodiment, an exemplary embodiment of the present invention includes a

holding device for studying cells comprising a substantially transparent carrier plate having

a plurality of cavities surrounded by walls formed in a first surface of the carrier plate, a

layer of adhesive, which is known to those skilled in the art, disposed on a bottom surface

of each cavity, a layer of substantially transparent substrate material having a refractive

index of 1.33 and having a multiplicity of pico liter wells formed in an upper surface



wo 2009/063462 PCT/IL2008/001492

thereof disposed on the adhesive layer. While MY-133 is known to have a refractive index

close to that of water, heretofore MY-133 has apparently not been considered suitable for

use as an inert substrate for holding live cells in a medium. In other embodiments, other

adhesive materials, possibly with other reJBractive indexes are used for embossing,

5 The invention, in some embodiments thereof, includes a method of making a holding

device for studying cells comprising providing a layer of curable substrate, disposing a wall

structure on the layer of curable substrate, embossing a multiplicity of pico liter wells in a

surface of the curable substrate, and curing the substrate.

The invention, in some embodiments thereof, includes a method of making a holding

1 0 device for studying cells comprising providing a carrier plate, applying a first adhesive

layer to the carrier plate, depositing a curable substrate on the adhesive layer, applying a

second layer of adhesive to the substrate, attaching a wall structure to the second layer of

the adhesive, forming a multiplicity of pico liter wells in the substrate with a template,

curing the substrate, and removing the template,

1 5 The invention, in some embodiments thereof, also includes a method of making a

holding device comprising providing a carrier plate having a plurality of cavities

surroimded by walls, depositing a curable substrate in each cavity, embossing a multiplicity

of pico liter wells in the curable substrate with a die, and curing the substrate.

As used herein, the term "embossing" includes contacting a substrate with a die and

20 then causing the substrate to set in its new form, for example, by UV curing, radiation

curing, chemical curing, hardening and/or cooling. In an exemplary embodiment of the

invention, the setting is at room temperature using UV curing, which optionally reduces

distortions.

There is provided in accordance with an exemplary embodiment of the invention, a

2 5 holding device for studying cells comprising a plurality of spaced apart pico liter well

arrays.

In an exemplary embodiment of the invention, said pico liter well arrays comprise

embossed regions. Optionally or alternatively, the device comprises at least one barrier

between two pico liter well arrays.
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In an exemplary embodiment of the invention, said arrays are arranged in a two

dimensional repeating pattern.

In an exemplary embodiment of the invention, said arrays include at least two

different well array designs.

In an exemplary embodiment of the invention, said device includes at least one non-

well embossed region fluidically connected to at least one of said arrays.

There is provided in accordance with an exemplary embodiment of the invention, a

holding device for studying cells comprising at least two defined regions:

(a) a pico liter well array region including a plurality of pico liter wells; and

(b) a non cell holding region in fluid communication with said pico liter well region,

wherein fluid can be one or both of added and removed from said non cell holding

region without disturbing cells in said picowells.

In an exemplary embodiment of the invention, the device comprises at least one

fluid permeable barrier between said regions.

In an exemplary embodiment of the invention, said non-cell holding array has an

embossed design. Optionally or alternatively, said pico liter well array is embossed.

In an exemplary embodiment of the invention, the device comprises a plurality of

pico liter well array regions.

There is provided in accordance with an exemplary embodiment of the invention, a

method of forming a template for a picowell array, comprising:

(a) providing a form defining thereon a plurality ofpico liter wells;

(b) applying at least one apertured spacer above said form;

(c) contacting said form with a settable material through said apertured spacer; and

(d) removing said spacer and said set material from said form

In an exemplary embodiment of the invention, the method comprises assembling a

plurality of said set material into a composite template for embossing a cell holding device.

There is provided in accordance with an exemplary embodiment of the invention, a

method of forming a cell holding device with at least one pico liter well array, comprising:

(a) providing a base covered with a hardening material, adapted to at least indirectly

adhere to said base;
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(b) contacting said base with a die, said die defining at least one pico liter well

region and said die adapted to not adhere to said hardening material; and

(c) at least partially hardening said hardening material while in contact with said

die.

In an exemplary embodiment of the invention, the method comprises further

hardening said hardening material after removal of said die.

Optionally or alternatively, the method comprises priming said base before covering

with said hardening material.

In an exemplary embodiment of the invention, said hardening material is a liquid

UV curable adhesive. Optionally, said UV curable adhesive has an index of refraction

within 5% of that of water.

In an exemplary embodiment of the invention, said base is not mechanically

abraded under said substrate.

In an exemplary embodiment of the invention, the method comprises forming at

least one barrier between said region and other parts of said base.

In an exemplary embodiment of the invention, said barrier is formed on said base

before said contacting.

In an exemplary embodiment of the invention, said barrier is formed on said base

during said contacting.

In an exemplary embodiment of the invention, said die defines a plurality of spaced

apart pico well regions.

In an exemplary embodiment of the invention, said die defines a plurality of

different embossing patterns to be embossed on said hardening material simultaneously.

There is provided in accordance with an exemplary embodiment of the invention, a

holding device for studying cells comprising:

at least one cavity adapted to receive a sample of cells in a medium consisting essentially of

water, the cavity having a substrate and a generally inert wall, wherein the substrate

includes a surface for receiving the medium, and wherein the surface includes a multiplicity

of pico liter wells and is characterized in that the substrate is substantially translucent and

has a refractive index equal to the refractive index of the medium.
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In an exemplary embodiment of the invention, the medium comprises water and

wherein the substrate has a Refractive Index of L33.

In an exemplary embodiment ofthe invention, the substrate is moldable.

In an exemplary embodiment of the invention, the substrate is inert.

5 In an exemplary embodiment of the invention, the holding device is a carrier plate,

and wherein a first adhesive is disposed between the carrier plate and the substrate.

Optionally, the device comprises a second adhesive disposed between the generally inert

wall and the substrate. Optionally, at least one of the substrate, the first adhesive and the

second adhesive are UV-light curable. Optionally or alternatively, the first adhesive and the

1 0 second adhesive are acrylic. Optionally or alternatively, the device comprises a light source

transmitting the UV-light through a bottom surface of the at least one cavity.

In an exemplary embodiment of the invention, the substrate is exposed to the UV-

light under vacuum pressure. Optionally, the vacuum pressure is in the range of 0.3 0.5

mmHg.

15 In an exemplary embodiment of the invention, the substrate is exposed to the UV-

light under inert gas.

There is provided in accordance with an exemplary embodiment of the invention, a

method of making a holding device for studying cells, comprising:

providing a carrier plate;

20 applying a first adhesive layer to the carrier plate;

depositing a curable substrate on the adhesive layer;

applying a second layer ofadhesive to the substrate;

attaching a wall structure to the second layer of adhesive;

forming a multiplicity of pico liter wells in the substrate with a template;

2 5 curing the substrate; and

removing the template.

In an exemplary embodiment of the invention, curing the substrate includes

exposing the substrate to UV-light through the carrier plate.
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In an exemplary embodiment of the invention, the method comprises repeating

curing the substrate after removing the template, wherein curing the substrate after

removing the template includes exposing the substrate to UV-light under a vacuum pressure

through the carrier plate.

5 In an exemplary embodiment of the invention, forming a multiplicity of pico liter

wells in the substrate with a template further comprises embossing a surface of the substrate

with a die.

There is provided in accordance with an exemplary embodiment of the invention, a

method of making a holding device, comprising:

1 0 providing a layer of curable substrate;

disposing a wall structure on the layer of curable substrate;

embossing a multiplicity of pico liter wells in a surface of the curable substrate; and

curing the substrate.

In an exemplary embodiment of the invention, the method comprises disposing a

1 5 first adhesive between the curable substrate and the wall structure.

In an exemplary embodiment of the invention, curing the substrate comprises

exposing the substrate to the UV-light through the carrier.

There is provided in accordance with an exemplary embodiment of the invention, a

method ofmaking a holding device for studying cells comprising:

20 providing a carrier plate having a plurality of cavities surrounded by walls;

depositing a curable substrate in each cavity;

embossing a multiplicity ofpico liter wells in the curable substrate with a die; and

curing the substrate.

In an exemplary embodiment of the invention, the method comprises applying a

2 5 first adhesive layer in each cavity before depositing the curable substrate in each cavity.

In an exemplary embodiment of the invention, curing the substrate comprises

exposing the substrate and the first adhesive to UV-light through the carrier plate when the

die is in place.



wo 2009/063462 PCT/IL2008/001492

9

In an exemplary embodiment of the invention, the method comprises removing the

die and exposing the substrate to UV-light under a vacuum or inert gas through the carrier

plate.

There is provided in accordance with an exemplary embodiment of the invention, a

5 holding device for studying cells comprising:

a layer of substantially transparent substrate material having a multiplicity of pico

liter wells having a refractive index of 1,33; and,

a wall structure attached to the substrate.

In an exemplary embodiment of the invention, the substrate is UV-light curable.

10 In an exemplary embodiment of the invention, the device comprises a first adhesive

disposed between the wall structure and the substrate.

In an exemplary embodiment of the invention, the device comprises a substantially

transparent carrier plate having a plurality of cavities surrounded by walls formed in a first

surface of the carrier plate, wherein the layer of substantially transparent substrate material

15 is disposed on the carrier plate.

Unless otherwise defined, all technical and/or scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which the

invention pertains. Although methods and materials similar or equivalent to those described

herein can be used in the practice or testing of embodiments of the invention, exemplary

2 0 methods and/or materials are described below. In case of conflict, the patent specification,

including definitions, will control. In addition, the materials, methods, and examples are

illustrative only and are not intended to be necessarily limiting.

Implementation of the method and/or system of embodiments of the invention can

involve performing or completing selected tasks manually, automatically, or a combination

2 5 thereof Moreover, according to actual instrumentation and equipment of embodiments of

the method and/or system of the invention, several selected tasks could be implemented by

hardware, by software or by firmware or by a combination thereof using an operating

system.

For example, hardware for performing selected tasks according to embodiments of

30 the invention could be implemented as a chip or a circuit. As software, selected tasks
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according to embodiments of the invention could be implemented as a plurality of software

instructions being executed by a computer using any suitable operating system. In an

exemplary embodiment of the invention, one or more tasks according to exemplary

embodiments of method and/or system as described herein are perfomied by a data

5 processor, such as a computing platform for executing a plurality of instructions.

Optionally, the data processor includes a volatile memory for storing instructions and/or

data and/or a non-volatile storage, for example, a magnetic hard-disk and/or removable

media, for storing instructions and/or data. Optionally, a network connection is provided as

well. A display and/or a user input device such as a keyboard or mouse are optionally

1 0 provided as well.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of example only, with

reference to the accompanying drawings. With specific reference now to the drawings in

• detail, it is stressed that the particulars shown are by way of example and for purposes of

1 5 illustrative discussion of embodiments of the invention. In this regard, the description taken

with the drawings makes apparent to those skilled in the art how embodiments of the

invention may be practiced.

FIG. 1 is a perspective view of a presently preferred embodiment of a holding device;

FIG. 2 is a cross-sectional view of a carrier plate having a substrate and a plurality of walls;

20 FIG, 3 is a cross-sectional view of the carrier plate having a first adhesive and the substrate

applied thereon;

FIG. 4 is a cross-sectional view of the plurality ofwalls and templates;

FIG. 5 is a cross-sectional view of the holding device showing the plurality of walls

mounted on the carrier plate and showing dies embossing a plurality of pico liter wells in

2 5 the substrate;

FIG. 6 is a cross-sectional view of the holding device showing the pico liter wells

embossed in the substrate;

FIG. 7 is a cross-sectional view of the holding device showing the first adhesive and the

substrate applied to the bottom of cavities;
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FIG. 8 is a cross-sectional view of the holding device showing the substrate applied to the

bottom of the cavities;

FIG, 9 is a perspective view of a Petri-dish having the plurality of pico liter wells formed in

the substrate;

FIG. 10 is a cross-sectional view of the Petri-dish having the plurality of pico liter wells

formed in the substrate;

FIGs, UA-UC illustrate a method of forming an embossing die, in accordance with an

exemplary embodiment ofthe invention;

FIGs. 12A-12C illustrate a method of forming an array of pico liter well arrays, in

accordance with an exemplary embodiment of the invention;

FIGs. 13A and 13B illustrate a Petri-dish with an isolated pico liter well array formed

thereon, in accordance with an exemplary embodiment of the invention;

FIGs. 14A-14C illustrate Petri-dish designs with one or more pico liter well arrays and with

a partitioning element, in accordance with an exemplary embodiment of the invention;

FIGs. 15A and 15B illustrate Petri-dish designs with multiple partitioning elements, in

accordance with an exemplary embodiment of the invention; and

FIGs. 16A-16B illustrate a microscope slide with a pico liter well array, in a blow-apart

view and in an assembled view, in accordance with an exemplary embodiment of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention, in some embodiments thereof, relates to devices that include pico

liter wells used in the study of cellular biology. More specifically, in some embodiments,

there are provided holding devices having a multiplicity of pico liter wells formed in or on

a transparent, non-cytotoxic substrate, optionally, but not necessarily having a refractive

index similar to that of water, and methods of making the same. In some embodiments,

there are provided embossing methods.

Before explaining at least one embodiment of the invention in detail, it is to be understood

that the invention is not necessarily limited in its application to the details of construction

and the arrangement of the components and/or methods set forth in the following
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description and/or illustrated in the drawings and/or the Examples. The invention is capable

of other embodiments or of being practiced or carried out in various ways.

Referring now to the figures, FIG. 1 is a perspective view of a holding device 10 having at

least one cavity 12. Holding device 10 may be a Petri dish or similar device, or an assay

5 plate having 6, 12, 48, 96, 384, or 1536 cavities and a standard 8,5 cm by 12.5 cm footprint.

The cavity or plurality of cavities 12 is configured to receive aliquots of cells that are

temporarily suspended in a desired medium, such as a buffered medium comprising mostly

water. The diameter of the individual cavities 12 depends on the number of wells included

on the holding device 10. Optionally, the cavities 12 of a 1536 well plate have a diameter

1 0 greater than approximately 250 micrometers. It should be apparent that the volume of the

cavities 12 also depends on the number of cavities and on the depth of each cavity. In some

examples, the volume of each cavity is greater than 5 x 10-6 liters. In other embodiments,

the cavities are designed to hold groups of cells, cell clusters, embrionic bodies, interacting

cells and/or oocytes, for example, which may affect the desired geometry and/or volume of

1 5 the picowells. For example, 100 micron diameter wells may be designed as deep wells, in

order to accommodate one large cells spheroid, or alternatively, as a shallow pan, in order

to explore group of small cells (e.g. lymphocytes, yeast cells) while maintaining them in a

same focal plane of a microscope. Exemplary well diameters include 1 micron, 5 microns,

10 microns, 30 microns, 60 microns, 100 microns and 250 microns and smaller,

20 intermediate or large sizes may be provided as well. Exemplary depths include 1 micron, 5

microns, 10 microns, 30 microns, 60 microns, 100 microns and 250 microns and smaller,

intermediate or large sizes may be provided as well.

The cavities 12 optionally further include generally inert walls 14 (also referred to

hereinafter as a plurality of walls or a wall structure) and a bottom substrate 16 having a

25 multiplicity of pico liter wells 18 (as shown in FIG. 9). Optionally, the pico liter wells 18

are configured to physically confine individual cells or a group of cells, wherein the

diameter of the pico liter wells 18 depends on the size of the cells to be used. For example,

the cells optionally have a diameter between about 5 and 250 micrometers and the pico liter

well size and shape may correspond thereto.
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In an embodiment of the invention, the substrate 16 is curable, moidable and inert. The

substrate 16 in the cured state has an index of refraction of 1.33, which has the substantially

same index of refraction as water and approximately the same mdex of refraction of most

mediums used for suspending cells. Optionally, the substrate 16 is MY-133, which is a

commercially available material and can be purchased at My Polymers LTD at

www.mypolymers.com/Default.htm. In potential advantage to Du-Pont low refractive index

fluoropolymers resins and films

(www2.dupont.com/Teflon_Industrial/en_US/products/product_by_name/teflon_fep/index.

html), the MY-133 is a UV-curable fluoropolymer. In other embodiments, the material used

is different and/or does not have the same refiractive index as water. However, the same

process is optionally applied. In an exemplary embodiment of the invention, the substrate is

selected to not adhere to the die. Following are exemplary pairs of substrate/die materials,

where the substrate can adhere directly or indirectly to a transparent base and avoid

adhering to the die:

(a) My-133/glass, Myl33/metal (e.g. nickel),

(b) NOA/PDMS, 3M 3321 (medical grade optically clear adhesive)/PDMS

(c) NOA/Parylene tm coated metal or glass die, 3M 3321 /Parylene (TM) coated

metal or glass die

As shown in FIG. 2, in an embodiment of the invention, the substrate 16 is applied to a

carrier plate 20, optionally by brushing, stamping or printing the substrate 16 thereon. The

carrier plate 20 is optionally made from glass or another optically transmissive material

such as polystyrene, polycarbonate, PMMA( Poly-methyl-metacrilate ). Optionally, a

material is chosen which has optical transparency at least at wavelengths used for visual

and/or florescent inspection (e.g., near IR, far IR or near UV) and/or has a refractive index

at those wavelengths that is within 20%, 10%, 5%, 1%, 0.1 or intermediate amounts of the

refractive index ofthe aqueous medium used, for example, of that of water with 0.9% salts

and sugars added (e.g., to within those percentages of 1 .33).

In order to improve the adherence of and/or prevent optical artifacts at the interface

therebetween the substrate 16 to the glass carrier plate 20, the carrier plate 20 is optionally

pre-treated with silane before the substrate 16 is applied. The silanation of the surface ofthe
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carrier plate 20 can be performed in a manner known to one skilled in the art Through such

silanation process, acrylic groups are attached by covalent bonds to the glass, improving the

adhesion of the substrate 16 to the glass carrier 20. Other intermediate base layers may be

applied, especially if substrate 16 is of another formulation. Optionally or alternatively,

5 Plasma or Corona treatment (e.g., as described at www.tantec.com) may used in some

cases. Optionally or alternatively, mechanical abrasion is provided. In an exemplary

embodiment of the invention, however, plate 20 is kept smooth.

The substrate 16 forms a layer, which may have a thickness of less than 200 microns and

more optionally in the range of 80-120 microns. Other thicknesses may be provided as well,

1 0 for example, as described below: between 10 and 300 microns for example, for example,

slightly more than the depth of the pico liter wells or other structures embossed. The

plurality of walls 14 is optionally then disposed on the substrate 16.

Pico liter well forming templates 26 are disposed between each set of plurality of walls 14

disposed on the substrate 16 layer and are pressed into the substrate 16. The templates 26

1 5 are optionally dies capable of embossing the substrate 16 with pico liter sized wells. The

layered configuration, including the carrier plate 20, the substrate 16, the templates 26

pressed into the substrate 16, and the plurality of walls 14 is polymerized by UV-radiation

to cure the substrate 16. Optionally, the layered configuration is irradiated with UV-light

through the bottom of the translucent carrier plate 20. The templates 26 are then optionally

20 removed and the holding device 10 is cured again by irradiating the holding device 10 with

UV-light under a vacuum of 0.3- 0.5 mmHg. An exemplary method of forming such dies is

shown with respect to FIGs. UA-UC, below. In an exemplary embodiment of the

invention, a short, uniform exposure, or precure, is used as a first curing step. The precure

time is optionally selected to be of sufficient duration to set the bond and allow the

2 5 substrate and/or die to be moved without disturbing alignment. This is followed by a longer

cure under UV light to obtain full cross-linking and solvent resistance ofthe adhesive.

In an alternative embodiment of the invention, as shown in FIGs. 3-6, the holding device 10

includes at least a first adhesive 22 applied between the carrier plate 20 and the substrate 16

to further improve bonding of the substrate 16 thereto. Additionally, a second adhesive 24
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may be applied to further improve bonding of the plurality of walls 14 to the substrate 16.

An exemplary holding device 10 and method ofmaking the same is described herebeiow.

In order to improve the adherence ofthe adhesive 22 to the glass carrier plate 20, the carrier

plate 20 is optionally pre-treated with silane before the first adhesive 22 is applied. The

silanation of the surface of the carrier plate 20 can be performed in a manner known to one

skilled in the art. Through such silanation process, acrylic groups are attached by covalent

bonds to the glass, improving die adhesion of the first adhesive 22 to the glass carrier 20.

Other treatments as described herein may be applied as well.

A thin coat of the first adhesive 22 is applied to the carrier plate 20, optionally, by brushing

the adhesive 22 thereon. It should be apparent, however, that other techniques may be used

to apply the first adhesive 22, such as by stamping, printing, spraying, dipping, wiping, or

tiie like. Optionally, the adhesive 22 is applied to only those locations that correspond to the

locations of the plurality of walls 14, such that the transparency of the bottom of each

cavity 12 is not affected by the adhesive 22. However, in an embodiment of the invention,

the adhesive 22 comprises mostly MY- 133 and can be applied to the entire surface of the

carrier plate 20 because the adhesive 22 also has substantially the same refractive index as

water. The adhesive 22 can be any type of adhesive that bonds to the substrate as described

below. Optionally, the first adhesive is a viscous primer that does not mix into a substrate

16. More specifically, the first adhesive 22 is applied as a dilute solution of25% solids in a

mixture based on a medium boiling solvent, wherein the solvent evaporates leaving a thin,

but highly viscous layer of adhesive 22 on the carrier plate 20. The solvent optionally

comprises PCBTF (also know by the trade name of Oxsol 100), having a boiling point of

139 degrees, isopropyl alcohol (IPA) and acetone. Optionally the adhesive 22 is an

ultraviolet (UV) radiation curable formulation which adheres well to the substrate 16 and

the carrier plate 20. Optionally, the adhesive 22 is selected so that it is polymerized together

with the substrate 1 6 when exposed to ultraviolet radiation. Optionally, the adhesive 22 is

applied to the carrier plate 20 and the substrate 16 is applied over the adhesive 22, the

combination polymerized by UV-radiation at the same time. In an exemplary embodiment

of the invention, the adhesive is a combination of both a fluoropolymer and a acrylic agent.

The acrylic agent bonds well to the glass or plastic bottom, whereas the fluoropolymer
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bonds the MY- 133 layer. Therefore, the adhesive serves as an intermediate layer which

connects the My-133 with the bottom later. Optionally, the layer used is formed of primer-

133 available from My polymers LTD of Rehovot Israel. Primers G and P may also be

used, possibly with reduced optical efficacy.

5 Further coats of the adhesive 22 can be applied to the first coat of the adhesive 22 and each

coat is allowed to dry for optionally at least 2-4 minutes. Optionally, this delay is selected

to allow for the creation of longer and/or more entangled polymer chains, so bonding

becomes stronger.

The substrate 16 is applied to the adhesive 22 coated surface of the carrier plate 20 and is

1 0 formed from a moldable optionally UV curable material optionally having an index of

refraction substantially the same as the index of refraction of a buffered, substantially

water-based medium, for example, Du-Pont Teflon FEP I or MY-133. The substrate 16

forms a layer, which may have a thickness of less than 200 microns and optionally in the

range of 80-120 microns. Optionally, the layer is made thinner due to cost considerations

1 5 and/or for improved optical ability (e.g., limited depth range of microscope), while

maintaining a minimal mechanical strength for its intended application.

Optionally, when the substrate 16 is formed from MY-133, the adhesive comprises a

polymer that optionally includes both acrylic groups and highly fluorinated groups that

attract the components of the MY-133. Where a glass carrier plate 20 is used, it may be

2 0 desirable to modify the first adhesive 22 to increase its affinity for glass. The adhesive 22

thus, may include 1-2% additional silane.

A second adhesive 24 (optionally of a mixture of acrylic and fluorocarbon polymer

precursors) is optionally applied to the bottom of the plurality of walls 14 arranged to

define cavities 12 of the holding device 10 and the plurality of walls 14 are then disposed

2 5 onto the substrate 16. The second adhesive 24 is allowed to dry for at least 2-4 minutes, or

as needed. Similar to the first adhesive 22, the second adhesive 24 is also a viscous primer

that does not mix into a substrate 16. More specifically, the second adhesive 24 is

optionally applied as a dilute solution of 25% solids in a mixture based on a medium

boiling solvent, wherein the solvent evaporates leaving a thin, but highly viscous layer of

30 adhesive 24 on the bottom of the plurality of walls 14. The solvent optionally comprises
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PCBTF (also known by the trade name Oxsol 100), having a boiling point of 139 degrees,

isopropyl alcohol (IPA) and acetone. Optionally the adhesive 24 is an UV-radiation curable

formulation which adheres well to the substrate 16 and the plurality of walls 14. Optionally,

the adhesive 24 is selected so that it is pol3mierized together with the substrate 16 when

5 exposed to ultraviolet radiation. This permits the adhesive 24 to be applied to the bottom of

the plurality of walls 14, which is then attached to the substrate 16 layer adhered to the

carrier plate 20 by the first adhesive 22.

It should be appreciated by those having ordinary skill in the art that although the above-

described adhesives are described, other adhesives that are capable of bonding to the

1 0 substrate 16 can be used.

As shown in FIGs. 4 and 5, pico liter well forming templates 26 (or a single multi-fingered

template) are disposed between each set of plurality of walls 14 disposed on the substrate

16 layer and are then pressed into the substrate 16. The templates 26 are optionally dies

capable of embossing the substrate 16 with pico liter sized wells. In an exemplary

1 5 embodiment of the invention, the substrate is liquid so the dies need to only be strong

enough to support their own weight as little pressure is optionally applied. Optionally, the

use of low pressure is to avoid damage and/or distortion to underlying plate and/or setting

substrate. The layered configuration, including the carrier plate 20, first adhesive 22,

substrate 16, template pressed into the substrate 16, and plurality of walls 14 is polymerized

20 by UV-radiation to cure the substrate 16 and the adhesives 22, 24 at the same time.

Optionally, the layered configuration is irradiated with UV-light through the bottom of the

translucent carrier plate 20. Optionally, this curing is sufficient to set the adhesives so the

die can be removed, but does not finish hardening the substrate. The templates 26 are then

optionally removed and the holding device 10 is cured again by irradiating the holding

25 device 10 with UV-light under vacuum of 0.3- 0.5 mmHg. Optionally, the Vacuum is used

to avoid chemical interference of oxygen with the setting material- Optionally or

alternatively, an inert gas is used instead of vacuum. While not required for some

adhesives, in others, washing with ethanol to remove toxic precursor materials may eb

useful.
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Another method of making some embodiments of the invention includes providing a carrier

20 having at least one cavity 12 surrounded by walls 14, As shown in FIG. 7, a layer of

either the first or second adhesive 22, 24, respectively, is deposited at the bottom of the at

least one cavity 12. A layer of substrate 16 is then applied to the adhesive layer 22 or 24.

5 The layer of substrate 16 can also be applied directly to the bottom of the at least one cavity

12, without the adhesive 22 or 24 as shown in FIG. 8. The pico liter well templates 26 are

then translated between the walls 14 and pressed into the substrate 16 to emboss the pico

liter wells 18. The first or second adhesive 22 or 24, if present, and the substrate 16 are

cured by UV-radiation through the bottom of the holding device 10. Then, the templates 26

1 0 are removed and the holding device 10 undergoes further curing by UV-light under vacuum

of 0.3- 0.5 mniHg or inert gas.

In yet another embodiment of the invention, a separate carrier plate 20 is not utilized. That

is, the holding device 10 can include the substrate 16 embossed to form pico liter wells 18

as described above and shown in FIGs. 9 and 10. The substrate 16 optionally has a

1 5 thickness of less than 200 microns and more optionally in the range of 80-120 microns.

Other thicknesses may be used, for example, for mechanical considerations. The walls 14

are disposed on the substrate 16 and templates 26 £ire pressed into the substrate 16. While

the templates remain pressed into the substrate 16, the substrate 16 is cured with UV-

radiation. The templates 26 are removed and the substrate 16 can optionally be cured again,

20 but with UV-radiation under vacuum. Alternatively, a plate 20 with a same index of

refraction as substrate 16, is used. Optionally, one of the above materials is used.

Optionally or alternatively, Cytop® available from Asahi Glass Ltd. (AGC group) of

Tokyo Japan, is used.

In another embodiment of the invention, the walls 14 can be disposed on the substrate 16

25 after the UV-curing thereof The walls 14 are then affixed along a perimeter edge of the

substrate 16 using any type of strong adhesive known in the art. Optionally, barriers (see

below) and/or walls are dippe din a UV adhesive (or such adhesive is brushed on) and the

adhesive set during a same or separate step ofUV curing as used for the embossed sections.

According to one aspect of the invention, the perimeter of the walls 14 can be adhered to

3 0 the edge of the substrate 16 forming a Petri dish-shaped holding device 10.
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Alternatively, the walls 14 having adhesive 22 or 24 can be applied to a layer of substrate

16, wherein the substrate 16 functions as the bottom of the holding device 10. The

templates 26 are pressed into the substrate 16 to emboss the pico liter wells 18 therein. The

layered configuration, including the templates 26, is cured using UV-radiation. It should be

5 appreciated by one having ordinary skill in the art that, since the holding device 10 does not

include the carrier plate 20 attached to the substrate 16 via adhesive 22 or 24, the holding

device 10 can be cured from above the substrate 16 or below the substrate 16. After the first

curing step, the template 16 is removed and the holding device 10 is then cured again, using

UV-light under vacuum. Thereafter, the pico liter well holding device 10 is optionally

1 0 sterilized and/or washed for use in biological experiments. Such post-manufacture acts may

be carried out with other methods of forming device 10.

In an alternative embodiment, the walls are pressed against a layer of substrate 16 at a same

time as templates 26 are pressed, with the walls adhering and the templates causing

embossing.

15 In an alternative embodiment, a base 20 has a layer ofpicowells formed thereon, for

example, by embossing a layer of substrate 16 thereon. In one example, embossing is uses

an embossing cylinder. Thereafter, the walls 14 are attached onto substrate 16, in some

cases, possibly covering existing picowells thereon. Optionally, the bottom of the walls are

coated with an adhesive layer of sufficient volume to fill in such picowells.

20 In an exemplary embodiment of the invention, spreading of substrate 16 on base 20

depends on the area being embossed. If a small area, substrate 16 is optionally applied as

drops to the center of the areas to be embossed. If a larger area, substrate 16 is optionally

spread using a draw bar or roUercoater. Methods known in the art for spreading such

adhesives (and for bonding to other materials) may be used.

25 In an alternative layer, walls 14 are applied while templates 26 are embossing layer

16. Optionally, this allows the templates to protect the shape and/or cleanliness of the

picowells from the adhesive and/or other process used for attaching the walls.

In an exemplary embodiment of the invention, the embossing methods described herein are

applied on fragile bases so little temperature and/or pressure changes are applied. Rather

30 the embossing is optionally at low pressure and at room temperature (e.g., 15-35 degrees
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Celsius). In an exemplary embodiment of the invention, the embossed substrate is non-

reversibly deformed by the embossing. In an exemplary embodiment of the invention, the

embossed substrate is set by one or more of chemical setting, light setting, radiation based

setting and/or other cross-linking or hardening or setting methods known in the art and as

5 appropriate for the specific materials used.

In an exemplary embodiment of the invention, the thickness of the embossed layer is

minimal, for example, being 15, 5%, 20%, 60%, 100%, 300%, 100% or intermediate

percentages of the depth of the picowell and/or other embossed feature. Optionally or

alternatively, the additional thickness below the well is 1, 10, 20, 30, 100 microns or

1 0 intermediate amounts. Variations of the embossing methods described herein, which may

be variously referred to as "stamping", "micro-stamping", "replicating" or "soft-

lithography" may also be practiced in accordance with some embodiments of the invention.

In an exemplary embodiment of the invention, embossing can include modification

of the picowells in addition to changing the geometry. For example, the template can have

1 5 attached thereto patterns for the walls between the picowells, medicaments and chemicals

for attachment to the picowells or walls between them, small beads for such transfer and/or

electrode wires. In portions that are not for picowells, electronics, valves and/or other items

may be impressed on the substrate during embossing.

Once manufacturing is completed (or during manufacturing), device 10 can be

20 further processed in various ways, for example, washing to remove toxic residues, hole

drilling (e.g., using laser, e-beam) and/or sterilization.

In use, holding device 10 is optionally seeded with cells, for example by injecting cells

suspended in a medium, such as an aqueous buffered medium, into at least a first cavity of

the holding device 10. The device 10 is optionally agitated to ensure that the cells settle in

25 the pico liter wells 18. The cells are then observed from below, for example, using a

confocal microscope or brightfield microscope with or without deconvolution image

processing software. Optionally or alternatively, fluorescent imaging methods are used.

Because the substrate 16 has a refractive index of water, optical artifacts, which would

otherwise be caused by the differences between the refractive indices of the medium

30 carrying the cells and the substrate 16, are essentially eliminated. This gives the viewer the
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ability to observe the cells being studying more precisely as if there were no

microstructures on the substrate.

One potential advantage of a cell holder with multiple picowell arrays is that multiple

experiments which require some similar conditions and some different conditions can be

5 conducted simultaneously. For example, incubation can be same for all well areas, while

cell type and/or reagents (e.g., drugs) added could be different. Optionally or alternatively,

a same experiment can be repeated in separate well areas, so that cells metabolites from one

cell do not affect others. Optionally, the wells themselves are different between areas,

which may also affect the outcome of such an experiment.

1 0 Other materials may also serve as the polymerizing agent as well and used to form the pico

liter wells array. Even though they may not posses the unique index of refraction of water,

their transparency enables the observation of cells or other microscopic particles which are

carried by in the wells defined in the embossed substrate. It should be noted that, generally,

the difference in index of refraction yields to the observation of the pico liter wells contours

1 5 when observed in brightfield microscopy; in fluorescence microscopy the fluorescence cells

or other microscopic particles emits new intrinsic light in certain range of wavelengths

which is out of the range of the excitation light, and therefore the pico liter wells are merely

visually observable.

It should be noted that multi-location structures can also be formed using non-embossing

20 methods. In one example, wells can be heat and/or pressure stamped unto a suitable

substrate. In another example, a plurality of elements defining picowells may be attached

(e.g., using adhesive or an interference method) into wells of a multi-well device. In

another example, the array is injected under pressure against a die and maintained in such

manner until set.

25 While the above description has focused on forming picowells, other structures can be

formed as well in like manner, instead of picowells and/or to support picowell operation.

For example, such structures can include landmarks to assist in user orientation (e.g.,

patterned clusters of non-etched areas or other singularities or markings to enhance user*s

orientation when the array is used). Optionally, some such markings are particularly visible

30 under a microscope (e.g., pico well address and/or a well address). In another example.
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micro-fluidics structures, such as reservoirs, channels, mixers, filters and flow regulators

are embossed (e.g., with the embossing defining 3D structures that affect flow. Optionally

or alternatively, preparation for various structures is embossed (and/or additional elements

mounted on the die),f or example, pumps, electronics, conductors, sensor mountings and/or

5 valves.

The embossing process may change in accordance with the specific material or

precursor used for substrate 16, For example, some materials require the application of a

primer layer to strengthen the bonding to the base layer, whereas, additionally or

independently, other materials require a detoxification process in order to extract

1 0 biologically toxic residues such as un-cured monomers in the embossed layer.

For example, a typical precursor may be a UV-curable adhesive such as NOA-6 1 or

NOA-81 or the low self-fluorescence NOA-63 (Norland Products Inc., Cranbury, NJ, USA,

USA). Embossing is performed, for example, by applying a drop of the fluid precursor of

the adhesive on glass or plastic base, and curing the fluid precursor while in contact with a

1 5 die (made, for example, from a metal such as nickel, glass, PDMS or silicone rubber)

having a negative geometry of the well array. The drop of adhesive disperses between the

slide and the die and forms a thin layer (e.g., 10-100 micrometers thick). After the adhesive

has set, the die is peeled away or otherwise removed.

Additional acts are optionally made to stabilize the structure and its adhesion to the

20 base and/or to extract and/or remove non-polymerized residues of the adhesive which may

harm cells. Such acts can include annealing at a mild temperature (r-60°C) for at least one

hour. Optionally or alternatively, the bases are soaked in 90% ethanol (or other suitable

solvent, depending on materials used for construction) for 5 days. This can extract toxic un-

cured agents from the polymerized adhesive. Optionally or alternatively, the slides are

2 5 rinsed in distilled water to wash away debris and/or residues of the extracted undesired

foreign materials. Optionally or alternatively, the materials chosen and/or washing are

selected to allow long term life of biological cells without toxic effects form the cell holder.

Optionally, the cells reside 1 hour, 10 hours, 24 hours, 2 days, 4 days, 1 week, 1 month or

more in the cell holder without such toxic effects.
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Exemplary base plates for any of the embossing methods described herein include

any substantially transparent glass (or plastic) surface, such as a microscope slide (0.17mm

- 1mm thick, 2.54 cm wide, 7.62 cm long), a Petri dish (either monolithic plastic dish or a

plastic dish with a thin glass or polymer sheet bottom, designed for high resolution

5 microscopy) or the bottom of microtitter plates (either monolithic plastic plate or plate

having a thin glass or polymer sheet bottom, designed for high resolution microscopy).

Embossing can take place on essentially whole bottom area, or in certain areas. The

size of the embossed area is determined by the applied volume of the precursor and the

actual size ofthe die.

10 In some embodiments, the Petri dish or any other pico liter wells bearing device

may include a partitioning element, such as a plastic or fabric barrier, to distinguish

between several areas in the same device. The partitioning element, single or plural, if

made or include mesh, slits or perforated parts can also act as a flow regulator, to damp and

control (by selecting proper size and pitch of the openings) fluid transfer between

1 5 partitions. For example, such a barrier can block or reduce fluid flow or block or reduce

cellular or particle flow (e.g., of certain sizes), for example, acting as a filter. In some

embodiments, the barrier serves to reduce flow rates to levels which would not remove

cells/particles from picowells. Such barriers may be attached by any method known in the

art. Optionally, the barriers are attached by dipping in a UV curable adhesive as used

20 herein. Optionally, such barriers include a base ring for mechanically aligning said barriers

on said substrate.

In one example, shown in FIGs. 14A-14C, For example, a cylindrical or cone mesh

element 1402, made for example from Polyester or Nylon, with openings of sizes 5-lOum,

or 10-50um, or 50-IOOum, or 100-200um or 200-500um, surrounds an embossed area 1404

2 5 (and/or is surrounded by an area 1406) in the center (or other location) of a Petri dish 1400

(or 1408), Cells are applied and settled in the embossed area wells-bearing substrate section

and fluid is applied on the other side of element 1402. This can be important, for example,

for keeping cells in their pico liter wells in order to reduce flow velocities and turbulence

when fluid is added or taken out. Due to the restricted passage between partitions, fluid

30 velocity is optionally reduced and/or otherwise regulated.
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FIG- 13A shows a Petri dish (or other holder) 1300 having a picowell array 1304

defined in one location thereof, for example, a center, surrounded by a non-embossed

region 1302. FIG. 13B is an isometric view of Petri dish 1300.

FIG. 15A shows a Petri dish (or other holder) 1500, which defines a plurality of

5 picowell areas 1502, some or all of which are surrounded by corresponding barriers 1504.

Not all barriers need be of same type. Not all picowells or other embossed areas need be of

same design and/or size. One or more optional free spaces 1506 may also be defined, with

optional barriers surrounding, for example, for insertion or removal of fluids and/or for

optically analyzing chemical properties of fluids.

10 FIG. 15B shows an alternative design 1520, having a large embossed area 1522

separated by one or more barriers 1526 from a clear area 1524. Optionally, a space 1528 is

formed between the barriers.

In this and other embodiments, the coverage of the carrier by picowell and/or other

embossed regions can be, for example, 1%, 5%, 10%, 20%, 50%, 70%, 90%, 100% or

1 5 intermediate amounts, for example, depending on the application.

In an exemplary embodiment of the invention, multiple sizes and/or types of pico

liter wells are provided on a same substrate, for example, 2, 4, 6, 10, 20 or intermediate

numbers of types ofpico wells may be provided.

Referring back to micro-titter plates, a pico well bearing microtitter plate can be

20 made of, for example, a monolithic plastic structure or from a glass or transparent plastic

bottom and an upper structure. In the case of a monolithic product, the die is optionally

formed made as an array of "fingers" which match the pitch of the wells in the microtitter

plate.

Referring specifically to FIGs. UA-llC, a die/template may be made using the

2 5 following method. As shown in FIG. 1 1A, a plate 1 100 having a desired embossing pattern

(e.g., picowells) formed thereon is covered by one or more spacers 1102, 1104 and 1106

each having one or more matching apertures 1107. Optionally, plate 1 100 is made of glass

or metal and spacers 1102-1106 are of silicon. FIG. IIB shows the parts assembled, at

which point silicon or other setting material 1108 may be inserted into matching apertures

30 1107. At lie, the top spacer 1106 is removed (or a separate base 1114 is applied over
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spacer 1 106) and serves as a based 1 1 14 of a template 1 126. A plurality of silicone fingers

1110, with a negative embossing pattern 1 1 12 at their tips is therefore created,

Optionally, the template is a 2D template and not a ID template as shown for

clarity.

Optionally, fingers 1110 engage spacer 1106 via inner hollows (not shown) inside

spacer 1106. Optionally or alternatively, spacer 1106 is treated to adhere to the silicone

and/or spacers 1 104 and 1 102 are treated to not adhere.

In use of such a template, precursor is optionally applied into each well, the die (1126) is

then embedded in the microtitter plate and then UV radiated. The pico liter wells structure

is thereby created in each well separately. Since this process is performed on ready-made

monolithic plates, no leaks are expected between well areas.

An example of this process is illustrated in FIGs. 12A-12C. In FIG. 12A, precursor material

J204 is placed in a plurality of well regions 1202 of a plate 1200, for example, using a one

dimensional well filling device, for example, as known in the art of manipulating such

wells with biological materials. In FIG. 12B, template 1 126 (for example) is pressed into

well regions 1202 and UV radiation 1208 is provided for curing. Optionally, the length of

fingers 1110 is matched to the amount of precursor provided and to the clearance between

template 1126 and plate 1200, so no precursor is wasted or lacking. FIG. 12C shows the

result after template 1 126 is removed, in which a picowell array or other embossed design

1210 is formed in those wells which were impressed by template 1 126.

While all fingers 1110 are shown as being equal, this need not be the case. In one example,

the fingers are of different length and define different heights for wells. Optionally or

alternatively, the design at the tips 1 1 12 is different, providing multiple well types and/or

arrangements. Optionally or alternatively, the diameter of the tips is different. Optionally or

alternatively, the tips emboss structures other than wells. Optionally or alternatively, the

tips emboss wells of different depth. In an exemplary embodiment of the invention, for any

particular application a mix of well types/sizes/number and micro fluidics constructs and

fluid reservoirs is selected and made into a cell holding device. Optionally or alternatively,

a plurality of "standard" such cell holder designs are made and optionally mass-produced.
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In an exemplary embodiment of the invention, a non-uniform cell holder is manufactured

using a configurable die. In one example, a plurality of fingers 1110 are manufactured, for

example, each with a different plate 1 100 having different patterns or on parts of the plate

with different patterns. When needed, a die may be constructed by assembling the desired

fingers in the desired arrangement to provide a template. Optionally, the fingers are

reusable as they do not stick to the adhesive.

In those cases where plate consists of an upper structure and a bonded bottom, a precursor

is optionally uniformly applied to the transparent bottom prior to placing the die and

irradiating. Optionally, pico liter wells are created on the whole bottom area (e.g., using a

flat and uniform die). The bottom plate is then bonded to the upper structure as it is usually

done in this type of plates (for example, based on utilizing NOA as a cementable adhesive).

Optionally or alternatively, pico liter wells may be created only at desired locations, such as

those areas which will become the bottom of wells, excluding inter-wells areas. This can be

controlled, for example, by applying aliquots ofprecursor instead of a uniform layer.

Embossing, using MY- 133 or NOA or materials may be practiced on a microscope slide,

either on the whole glass or selected parts and may serve as a base plate for various single

or multi cavity devices. For example, the embossed glass can be covered with adhesive

spacers and covers already used in laboratory practice, such as those made by Grace

Biolabs (Bend, OR, USA)

www.gracebio.com/Products/Imaging ^Microscopy/CoverWell_Perfusion_Chambers and

enhance the practice to include pico liter wells bottoms instead of a plain glass surface. For

example, these covers can form a water-tight, multiwell cell incubation or cytochemistry

chamber when pressed to coverslips or microscope slides. In some embodiments, reagents

can be quicicly added and removed through access ports without disturbing or cross-

contaminating specimens in adjacent wells, while cells remain in their picowells.

Various devices useful for microscopy can be built based on an embossed microscope slide,

for example a slide 0.1 7-1mm thick. The glass is then covered with a spacing layer which

has a hole just above the embossed area. The diameter of the hole may be smaller than the

embossed area. This structure creates an open chamber, which can be useful for
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accommodating a cell suspension. This structure may be covered by a cover slip and cells

can be observed by an upright and/or inverted microscope.

In another example, a slide structure supports one or more of exchanging cells media,

staining, and/or other manipulations of the cells within their picowells. In such an

5 embodiment, an additional "flow" layer is cured to form a flow channel above the cells

chamber and a reservoir. This flow layer is sticky on both surfaces, thus can be bonded to

the spacer layer beneath it, and to the cover layer above. Optionally, a flexible transparent

cover, such as made of polycarbonate film, is bonded only on the distal edge of the flow

channel. Optionally, a pinhole (or larger hole) is provided, for example, to drain air when

1 0 liquids are added during the work with the device, A non-sticky removable liner is

optionally provided keeps the cover from bonding to the rest of the flow channel.

An exemplary such device 1600 is shown in FIGs. 16A and 16B, with FIG, 16A being a

blow-apart view. A glass slide 1602 has embossed (or otherwise attached) thereon a

picowell array 1604. A spacer layer 1606 with an aperture 1608 is attached above, for

1 5 example, layer 1606 being a two sided adhesive layer. A flow layer 1610 including a flow

channel 1612 and a reservoir 1614 is provided above, optionally as a two sided adhesive

layer. A cover layer 1616 with an optional air hole 1624 and slot 1618 are provided above.

Optionally, a non-adhesive layer 1620 is provided between layers 1616 and 1610 and

includes a tip 1622 which is temporarily attached to layer 1610. Optionally, as shown in

20 FIG. 16B, the length of layer 1620 is shorter than layers 1616 and 1610, so layers 1616 and

1610 can be adhered to each other at their tip.

Other structures may also be built up by layering shaped layers of double-sided adhesive,

on microscope slides and/or other bases.

In use, flexible covers 1620 and 1616 are pulled back and expose the chamber formed by

2 5 aperture 1618 and wells area 1604. Cells are loaded into the chamber and removeable liner

layer 1620 is peeled off. Flexible cover 1616 is released and bonds to the rest of upper

surface of flow layer 1616. Layer 1610 optionally defines a capillary channel between

layers 1616 and 1606. Aliquots of fluid can be presented to the capillary slit 1618 created

between the cover and the opening of the flow channel. Capillary force pulls the fluid into

30 the channel, the fluid replaces and/or flows over the cell media, and the excessive fluid is
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gradually accumulated in the reservoir 1614. Additional fluid can be presented to the flow

channel, basically until the reservoir is full. Optionally, fluid can be removed from reservoir

1614

Double sided adhesive tapes, optionally medical grade, or other adhesive agents, may be

5 used to bond the layers and/or to form the layers.

If double sided tapes are used, the layers are optionally bonded while wet. This can

eliminate air and prevent such air from being trapping between the layers, possibly

minimizing the appearance of air bubbles in the suspension along incubation time.

Optionally, the devices are manufactured and/or packed under vacuum, to prevent repeated

1 0 air penetration between the layers before the device is used.

GENERAL

There has thus been described a method of making a holding device for studying cells and

apparatus used in conjunction with the above described methods. Those skilled in the art

will recognize that modifications may be made in the method and apparatus described

1 5 herein without departing from the true spirit and scope of the invention which accordingly

are intended to be limited solely by the appended claims.

It is expected that during the life of a patent maturing from this application many relevant

adhesive and/or curable materials will be developed and the scope of the term adhesive is

intended to include all such new technologies a priori.

20 The word "exemplary" is used herein to mean "serving as an example, instance or

illustration". Any embodiment described as "exemplary" is not necessarily to be construed

as preferred or advantageous over other embodiments and/or to exclude the incorporation

of features from other embodiments.

The word "optionally" is used herein to mean "is provided in some embodiments and not

2 5 provided in other embodiments". Any particular embodiment of the invention may include

a plurality of "optional" features unless such features conflict.

As used herein the term "about" refers to ± 1 0 %.

The terms "comprises", "comprising", "includes", "including", "having" and their

conjugates mean "including but not limited to". This term encompasses the terms

30 "consisting of* and "consisting essentially of*.
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The phrase "consisting essentially of means that the composition or method may include

additional ingredients and/or steps, but only ifthe additional ingredients and/or steps do not

materially alter the basic and novel characteristics of the claimed composition or method.

As used herein, the singular form "a", "an" and "the" include plural references unless the

5 context clearly dictates otherwise. For example, the term "a compound" or "at least one

compound" may include a plurality of compounds, including mixtures thereof

Throughout this application, various embodiments of this invention may be presented in a

range format. It should be understood that the description in range format is merely for

convenience and brevity and should not be construed as an inflexible limitation on the

1 0 scope of the invention. Accordingly, the description of a range should be considered to

have specifically disclosed all the possible subranges as well as individual numerical values

within that range. For example, description of a range such as from 1 to 6 should be

considered to have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1

to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that

1 5 range, for example, 1, 2, 3, 4, 5, and 6. This applies regardless of the breadth of the range.

Whenever a numerical range is indicated herein, it is meant to include any cited

numeral (fractional or integral) within the indicated range. The phrases "ranging/ranges

between" a first indicate number and a second indicate number and "ranging/ranges from"

a first indicate number "to" a second indicate number are used herein interchangeably and

20 are meant to include the first and second indicated numbers and all the fractional and

integral numerals therebetween.

It is appreciated that certain features of the invention, which are, for clarity, described in the

context of separate embodiments, may also be provided in combination in a single

embodiment. Conversely, various features of the invention, which are, for brevity,

2 5 described in the context of a single embodiment, may also be provided separately or in any

suitable subcombination or as suitable in any other described embodiment of the invention.

Certain features described in the context of various embodiments are not to be considered

essential features of those embodiments, unless the embodiment is inoperative witliout

those elements.
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Although the invention has been described in conjunction with specific embodiments

thereof, it is evident that many alternatives, modifications and variations will be apparent to

those skilled in the art. Accordingly, it is intended to embrace all such alternatives,

modifications and variations that fall within the spirit and broad scope of the appended

5 claims.

All publications, patents and patent applications mentioned in this specification are

herein incorporated in their entirety by reference into the specification, to the same extent

as if each individual publication, patent or patent application was specifically and

individually indicated to be incorporated herein by reference. In addition, citation or

1 0 identification of any reference in this application shall not be construed as an admission that

such reference is available as prior art to the present invention. To the extent that section

headings are used, they should not be construed as necessarily limiting.
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WHAT IS CLAIMED IS

L A holding device for studying cells comprising a plurality of spaced apart pico liter

well arrays.

2. A device according to claim 1, wherein said pico liter well arrays comprise

embossed regions.

3. A device according to claim 1, comprising at least one barrier between two pico

liter well arrays.

4. A device according to claim 1, wherein said arrays are arranged in a two

dimensional repeating pattern.

5. A device according to claim 1, wherein said arrays include at least two different

well array designs.

6. A device according to claim I, wherein said device includes at least one non-well

embossed region fluidically connected to at least one of said arrays.

7- A holding device for studying cells comprising at least two defined regions:

(a) a pico liter well array region including a plurality of pico liter wells; and

(b) a non cell holding region in fluid communication with said pico liter well region,

wherein fluid can be one or both of added and removed from said non cell holding

region without disturbing cells in said picowells.

8. A device according to claim 7, comprising at least one fluid permeable barrier

between said regions.
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9. A device according to claim 7, wherein said non-cell holding array has an embossed

design,

10. A device according to claim 7, wherein said pico liter well array is embossed.

11. A device according to claim 7, comprising a plurality of pico liter well array

regions.

12. A method of forming a template for a picowell array, comprising:

(a) providing a form defining thereon a plurality ofpico liter wells;

(b) applying at least one apertured spacer above said form;

(c) contacting said form with a settable material through said apertured spacer; and

(d) removing said spacer and said set material jQrom said form.

13. A method according to claim 12, comprising assembling a plurality of said set

material into a composite template for embossing a cell holding device.

14. A method of forming a cell holding device with at least one pico liter well array,

comprising:

(a) providing a base covered with a hardening material, adapted to at least indirectly

adhere to said base;

(b) contacting said base with a die, said die defining at least one pico liter well

region and said die adapted to not adhere to said hardening material; and

(c) at least partially hardening said hardening material while in contact with said

die.

15. A method according to claim 14, comprising further hardening said hardening

material after removal of said die.
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16. A method according to claim 14, comprising priming said base before covering with

said hardening material.

17. A method according to claim 14, wherein said hardening material is a liquid UV

curable adhesive,

18. A method according to claim 17, wherein said UV curable adhesive has an index of

refraction within 5% of that of water.

19. A method according to claim 14, wherein said base is not mechanically abraded

under said substrate.

20. A method according to claim 14, comprising forming at least one barrier between

said region and other parts of said base.

21. A method according to claim 20, wherein said barrier is formed on said base before

said contacting.

22. A method according to claim 20, wherein said barrier is formed on said base during

said contacting.

23. A method according to claim 14, wherein said die defines a plurality of spaced apart

pico well regions.

24. A method according to claim 20, wherein said die defines a plurality of different

embossing patterns to be embossed on said hardening material simultaneously.
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25. A holding device for studying cells comprising:

at least one cavity adapted to receive a sample of cells in a medium consisting essentially of

water, the cavity having a substrate and a generally inert wall, wherein the substrate

includes a surface for receiving the medium, and wherein the surface includes a multiplicity

of pico liter wells and is characterized in that the substrate is substantially translucent and

has a refractive index equal to the refractive index of the medium.

26. The holding device of claim 25, wherein the medium comprises water and wherein

the substrate has a Refractive Index of 1.33.

27. The holding device of claim 25, wherein the substrate is moldable.

28. The holding device of claim 25, wherein the substr-ate is inert.

29. The holding device of claim 25, wherein the holding device is a carrier plate, and

wherein a first adhesive is disposed between the carrier plate and the substrate.

30. The holding device of claim 29, further including a second adhesive disposed

between the generally inert wall and the substrate.

31. The holding device of claim 30, wherein at least one of the substrate, the first

adhesive and the second adhesive are UV-light curable.

32. The holding device of claim 30, wherein the first adhesive and the second adhesive

are acrylic.

33. The holding device of claim 31, further including a light source transmitting the

UV-light through a bottom surface of the at least one cavity.
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34. The holding device of claim 33, wherein the substrate is exposed to the UV4ight

under vacuum pressure.

35. The holding device of claim 34, wherein the vacuum pressure is in the range of 0.3

— 0.5 mmHg.

36, The holding device of claim 33, wherein the substrate is exposed to the UV-light

under inert gas.

37, A method of making a holding device for studying cells, comprising:

providing a carrier plate;

applying a first adhesive layer to the carrier plate;

depositing a curable substrate on the adhesive layer;

applying a second layer of adhesive to the substrate;

attaching a wall structure to the second layer of adhesive;

forming a multiplicity of pico liter wells in the substrate with a template;

curing the substrate; and

removing the template.

38, The method according to claim 37, in which curing the substrate includes exposing

the substrate to UV-light through the carrier plate.

39. The method according to claim 37, further comprising repeating curing the substrate

after removing the template, wherein curing the substrate after removing the template

includes exposing the substrate to UV-light under a vacuum pressure through the carrier

plate.

40. The method according to claim 37, in which forming a multiplicity of pico liter

wells in the substrate with a template further comprises embossing a surface of the substrate

with a die.
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41. A method of making a holding device, comprising:

providing a layer of curable substrate;

disposing a wail structure on the layer of curable substrate;

embossing a multiplicity of pico liter wells in a surface of the curable substrate; and

curing the substrate.

42. The method according to claim 41, further comprising disposing a first adhesive

between the curable substrate and the wall structure.

43. The method according to claim 41, in which curing the substrate comprises

exposing the substrate to the UV-light through the carrier.

44. A method of making a holding device for studying cells comprising:

providing a carrier plate having a plurality of cavities surrounded by walls;

depositing a curable substrate in each cavity;

embossing a multiplicity of pico liter wells in the curable substrate with a die; and

curing the substrate.

45. The method according to claim 44, further comprising applying a first adhesive layer in

each cavity before depositing the curable substrate in each cavity.

46. The method according to claim 44, in which curing the substrate comprises

exposing the substrate and the first adhesive to UV4ight through the carrier plate when the

die is in place.

47. The method according to claim 44, further comprising removing the die and

exposing the substrate to UV-light under a vacuum or inert gas through the carrier plate.
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48. A holding device for studying cells comprising:

a layer of substantially transparent substrate material having a multiplicity of pico

liter wells having a refractive index of 1.33; and,

a wall structure attached to the substrate.

49. The holding device of claim 48, wherein the substrate is UV-light curable.

50. The holding device of claim 48, further comprising a first adhesive disposed

between the wall structure and the substrate.

51. The holding device of claim 48, further comprising a substantially transparent

carrier plate having a plurality of cavities surrounded by walls formed in a first surface of

the carrier plate, wherein the layer of substantially transparent substrate material is disposed

on the carrier plate.
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